(19) 



3 



(12) 



Eu ropais^^^^atentamt 

European Patent Office 
Office europeen des brevets (11 ) 

EUROPEAN PATENT APPLICATION 




EP 1 061 577 A2 



(43) Date of publication: 

20.12^000 Bulletin 2000/51 

(21) Application number: 00112296.9 

(22) Date of filing: 08.06^000 



(51) Int. ci7: H01L 23/538, H01L 23/498, 
H01L 23/50, HOI L 23/66 



(84) 


Designated Contracting States: 


• Ishii, Takehito, 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Murata Manufacturing Co., Ltd. 




MCNLPTSE 


Nagaokakyo-shi, Kyoto-fu 617-8555 (JP) 




Designated Extension States: 


• Yosliimoto, Yoshihiro, 




AL LT LV IVIK RO SI 


Murata Manufac. Co., Ltd. 


(30) 




Nagaokakyo-shi, Kyoto-fu 617-8555 (JP) 


Priority: 17.06.1999 JP 17044799 


• Tonegawa, Ken, 


(71) 


Applicant: 


Murata Manufacturing Co., Ltd. 


Nagaokakyo-shI, Kyoto-fu 617-8555 (JP) 




IVIurata Manufacturing Co., Ltd. 




Nagaokalcyo-shI Kyoto-fu 617-8555 (JP) 


(74) Representative: 


(72) 


Inventors: 


Schoppe, Fritz, Dipl.-lng. 


Schoppe, Zimmemnann & Stockeler 


• 


Shimada, Norihlro, 


Patentanwalte 




Murata Manufacturing Co., Ltd. 


Postfach 71 08 67 




Nagaokakyo-shi, Kyoto-fu 617-8555 (JP) 


81458 Munchen (DE) 



CM 
< 

in 

Jo 
o 



(54) High frequency multi-layered circuit component 



(57) A high frequency multi-layered circuit compo- 
nent (11), comprising a plurality of layers (12-14) lami- 
nated to each other; an active element mounted on one 
of the plurality of layers; at least one passive element 
formed within the plurality of layers (12-14); a high fre- 
quency circuit constituted by at least part of the at least 
one passive element; a power supply line (15) for sup- 
plying direct-current power to the active element dis- 
posed along one of the plurality of layers (12-14); high 

FIG. 5 



frequency hot-lines included in the high frequency multi- 
layer circuit component (11) and disposed along one or 
more of the plurality of layers (12-14) which are different 
from the one of the plurality of layers (12-14) along 
which the power supply line (15) is disposed; and a 
ground layer (16, 17) forming capacitance with the 
power supply line (15) and disposed between the power 
supply line (15) and the high frequency hot-lines. 
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Description 

BACKGROI l|Mn T HE iNVPIs)T |riNf 
1. Field of the Invention 

[0001] The present Invention relates to a high fre- 
quency multi-layered circuit component, more specifi- 
cally, a high frequenqr multl-layerecl circuit component 
having active elements mounted thereon such as 
diodes, transistors, and ICs. 

2. Description of the Related Art 

[0002] A high frequency multi-layered circuit com- 
ponent is a composite component on which are 
mounted active elements such as diodes, transistors 
and ICS as well as a plurality of passive circuit elements 
tor example, capacitors, Inductors, and resistors distrib- 
uted over a plurality of layers so that at least some of the 
plurality of circuit elements form a high frequency cir- 
cuit. Such a high frequency multi-layered circuit compo- 
nent is provided with a power supply line for supplyino 
direct-cun-ent power to the active elements, high fre- 
quency hot-lines included in the high frequency 
[0003] circuit, and ground layers. 
.-004] P.G. s schematically shows a typical ©(am- 
ple of the amangement of the power supply line, high 
frequency hot-lines, and ground layeis on a given cross- 
section of a comrentional high frequency multi-layered 
circuit component. 

[0005] As shown in FIG. 6. In most of the conven- 
tional high frequency multi-layered circuit components 
the power supply line 1 and high frequency hot-line 2 
are mounted along the same layer to make it compact 
While the ground layers 3 and 4 are disposed so as to 
sandwich the power supply line 1 and high frequency 
hot-line 2 between them. = >i y 

[0006] However, in the construction shown in FIG 
6, there is no conductor held at ground potential 
between the power supply line 1 and high frequency 
hot-line 2. to shield them frcm each other. Therefore 
the power supply line 1 and high frequency hot-line 2 
tend to readily affect each other. 
[0007] As a result, alternating-current noise compo- 
nents due to high frequency signals flowing through the 
high frequency hot-line 2 can interfere with the direct- 
current power that is supplied to the active elements 
(not shown) via the powersupply line 1 . In that case the 
bias voltage of the active elements tends to fluctuate 
destabilizing the operation of the active elements Also' 
since the powersupply line 1 is disposed comparatively 
close to the high frequency hot-line 2, alternating-cur- 
rent noise components the power supply line 1 tend to 
adversely affect the high frequency hot-line 2 
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P008J An embodiment of the present Invention pro- 
wdes a high frequency multi-layered circuit component 
s that can solve the foregoing problems. 

[0009] According to an embodiment of the present 
invention, a high frequency multi-layered circuit compo- 
nent comprises: a plurality of layere laminated to each 
other; an active element mounted on one of the plurality 
10 of layeis; at least one passive circuit element fornied 
within the plurality of layeis; a high frequency circuit 
comprising at least a part of the at least one circuit ele- 
ment; a power supply line for supplying direct-current 
power to the active element disposed along one of the 
IS plurality of layers; high frequency hot-lines included In 
the high frequency circuit and disposed along other 
ones of the plurality of layers which are different from 
the one of the plurality of layeis along which the power 
supply line is disposed; and a ground layer which gener- 
ic ales capacitance with the power supply line and is dis- 
posed between the ptmer supply line and the high 
frequency hot-lines. 

[0010] In the above described high frequency multi- 
layered circuit component, a pair of said ground layeis 
25 may be provided so as to sandwich the power supply 
line between them. <»"KHiy 

[001 1] In the above described high frequency multi- 
layered circuit component, the pair of ground layers may 
be disposed with a nan'ow space between them so as to 
30 prevent high frequency signals from passing through 
the power supply line, by creating an impedance mfe- 
match in the power supply line relative to the hiqh fre- 
quency signals. 

[00112] According to the above described structure 
35 and arrangement, it is possible to prevent the power 
supply ine and the high frequency hot-lines from 
adversely affecting each other, since the power supply 
line for supplying direct-current power to the active ele- 
ment and the high frequency hot-lines Included in the 
"0 high frequency circuit are provided along mutually sep- 
arated layers, and a ground layer is disposed between 
the powersupply line and the high frequency hot-lines 
The ground layer fornis capacitance with the power sup- 
ply line capacitance, thereby suppressing the altemat- 
« ing-cun-ent noise components, and preventing them 
from interfering with the direct-current power supplied 
through the power supply line. As a result, it is possible 
to advantageously prevent deterioration of operational 
stability due to the variations in the bias voltage of the 
50 active elements. '«ge oi me 

[0013] When the two ground layers are disposed so 
as to sandwich the power supply line between them the 
above-mentioned effect may be obtained even more 
securely. With the pair of ground layers disposed to 
55 sandwich the power supply line between them, it is pos- 
sible to even further suppress the alternating-current 
noise components flowing through the power supply 
line by producing a mismatch in the power supply line 
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relative to the high frequency signals by malting the 
space between two ground layers narrow, so as to pre- . 
vent high frequency signals from passing through the 
power supply line. 

[0014] Other features and advantages of the s 
present invention will become apparent from the follow- 
ing description of an embodiment of the invention which 
refers to the accompanying drawings. 

PRIEFPESCRIPTION OFTH ^ PRAWIN GS io 

[0015] 

FIG. 1 is a perspective view schematically illustrat- 
ing a part of a high frequency multi-layered circuit is 
component 11 in an embodiment of the present 

invention. 

FIG. 2 is a circuit diagram describing the effect of 
suppressing the alternating-current noise compo- 
nent flowing through the power supply line 15 so 
shown In FIG. 1. 

FIG. 3 is a perspective view schematically illustrat- 
ing a part of a high frequency multi-layered circuit 
component 11a in another embodiment of the 
present invention. 25 
FIG. 4 shows more specifically an example of a cir- 
cuit 23 that can be constructed in a composite com- 
ponent using the high frequency multi-layered 
circuit component of the present invention. 
FIG. 5 shows a cross-section of a high frequency 30 
multi-layered circuit component 31 for achieving the 
circuit 23 shown in FIG. 4. 

FIG. 6 is an Illustration schematically showing a typ- 
ical example of the arrangement of a power supply 
line 1, a high frequency hot-line 2, and ground lay- 35 
ers 3 and 4 on a specified cross-section of a con- 
ventional high frequency multi-layered circuit 
component of interest to the present invention. 

DESCRIPTION QF EMBODIMENTS QFTHE INVEN- 4o 
TION 

[0016] FIG. 1 is a perspective view schematically 
illustrating a part of a high frequency multi-layered cir- 
cuit component 11 in an embodiment of the present 4S 
invention. 

[0017] In FIG. 1 are shown three dielectric layers 
12, 13, and 14 made of ceramics, for example, mutually 
separated, forming a part of the high frequency multi- 
layered circuit component 11. Additional layers, not so 
shown in Fig. 1 , are disposed above the dielectric layer 

12 and below the dielectric layer 14. (In this disclosure, 
the terms "above" and "below" and the like are merely 
relative terms and the structures described herein need 
not be oriented as shown in the drawings.) ss 
[0016] Referring to the dielectric layers 12 to 14, the 
power supply line 15 is provided on the dielectric layer 

13 positioned in the middle and the ground layers 16 




and 17 are formed on the dielectric layers 12 and 14, 
respectively, so as to sandwich the power supply line 
between the layers. In the example of Fig. 1 , the ground 
layers 16 and 17 are on top sides of the layers 12 and 
14, respectively, and the power supply line 15 is corre- 
spondingly on the top side of the layer 13. 
[0019] Also, a plurality of passive circuit elements 
(not shown) for forming a high frequency circuit are 
located on at least respective ones of the additional lay- 
ers above the dielectric layer 12 and below the dielectric 
layer 14. The high frequency hot-lines included in the 
high frequency circuit (not shown) are also provided 
along those additional upper or lower dielectric layers, 
not shown. Active elements such as diodes, transistors, 
and ICs are also mounted on the additional dielectric 
layers, other than the dielectric layers 12 to 14 shown In 
the drawing. 

[0020] An end of the power supply line 15 passes 
through a via-hole 18 to connect electrically to circuit 
elements or active elements located above the dielectric 
layer 12, while the other end of the power supply line 1 5 
passes through a via-hole 19 to connect electrically to 
circuit elements or active elements located below the 
dielectric layer 1 4. 

[0021] As described above, a construction is 
formed in which a power supply line 15 and high fre- 
quency hot-lines are provided along mutually separated 
layers and a situation is realized in which the ground lay- 
ers 16 and/or 17 are disposed between the power sup- 
ply line 15 and high frequency hot-lines. Also, the 
ground layers 16 and 17 are located adjacent to the 
power supply line 15. 

[0022] FIG. 2 shows an equivalent circuit relating to 
the power supply line 15 in the arrangement shown in 
FIG. 1. 

[0023] Now referring to FIG. 2, it Is possible to form 
a capacitance between the power supply line 1 5 and the 
ground layers 16 and 17 by disposing the ground layers 
1 6 and 1 7 adjacent to the power supply tine 15 to form 
capacitance components 20 between the power supply 
line 15 and the ground layers 16 and 17. Accordingly, 
the alternating-current noise component on the power 
supply line can be reduced, since it can be diverted to 
the ground layers 16 and 17 through the capacitance 
component 20 as shown by arrows 21 , so that the alter- 
nating-current noise component can be prevented from 
interfering with the direct-current power supplied 
through the power supply line 16. 
[0024] Identically, it is desired to obtain a power 
supply line which only passes through the direct-current 
and cuts all the alternating-current components. The 
additional way to suppress the alternating-current com- 
ponents is to form the power supply line 15 to have an 
impedance mismatch relative to the high frequency sig- 
nals. Basically, the line width of the power supply line 15 
is widened or the spaces between the line and the two 
ground layers are narrowed to have the impedance mis- 
match. By this, the high frequency signals are further 
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prevented from passing through the power supply line 
15, and the alternating-current noise components are 
nnore effectively suppressed. 

[0025] Also, an undesirable voltage drop in the 

power supply line 15 can be suppressed by providing 
the power supply line 15 with enough width to keep 
direct-current resistance in the power supply line 15 suf- 
ficiently low. To achieve this, the power supply line 16 
should be nnore than 200 ^im wide, for example. 
[0026] FIG. 3 is a perspective view schematically 
Illustrating a part of the high frequency multi-layered cir- 
cuit component 11a In another embodiment of the 
present invention. FIG. 3 is a view corresponding to 
FIG. 1 and the elements corresponding to those shown 
in FIG. 1 are referred to by the same numerals to omit 
duplicated descriptions. 

[0027] In the high frequency multi-layered circuit 
component 1 la shown in FIG. 3, the ends of the power 
supply line 15 pass through respective via-holes 1 8 and 
19 to connect electrically to circuit elements and/or 
active elements located above the dielectric layer 1 2. 
[0028] If, in FIG. 3, no high frequency hot-line is dis- 
posed below the dielectric layer 14, the ground layer 17 
may be omitted. 

[0029] As can be seen from the embodiments 
shown in FIGs. 1 and 3, the manner of routing of the 
power supply line within the high frequency multi-lay- 
ered circuit component may be modified In various 
ways. 

[0030] FIG. 4 shows more specifically an example 
of a circuit that can be constructed in a composite com- 
ponent including the high frequency multi-layered circuit 
component of the present invention. The composite 
component shown in FIG. 4 forms, for example, a 
receiving circuit in a mobile telephone. 
[0031] More particularly, a composite component 
23 comprises low-noise amplifiers LNA1 and LNA2 for 
amplifying signals received by a receiving antenna, not 
shown, high pass filters HPF1 and HPF2 for passing 
only signals with higher than specified frequencies out 
of the received signals amplified by the low- noise ampli- 
fiers LNA1 and LNA2, and mixers Ml and M2 for 
processing the outputs from the high pass filters HPF1 
and HPF2. In this example, the amplifiers LNA1 and 
LNA2, and mixers Ml and M2 comprise an IC 24. 
[0032] Also, the composite component 23 is pro- 
vided with an external terminal Vcc and a power supply 
line 25 for supplying the direct-current power to IC 24 as 
an active element or, more specifically, to the amplifiers 
LNA1 and LNA2. The power supply line 25 has induc- 
tors LI and L2, resistors R1 and R2, and capacitors CI 
and C2. 

[0033] The composite component 23, shown in 
FIG. 4 and described above, can be achieved by the 
high frequency multi-layered circuit component 31 
shown in FIG. 5. FIG. 5 shows a cross-section of the 
high frequency multi-layered circuit component 31. 
Those skilled in the art will understand that FIG, 5 



shows only one specific cross-section of the high fre- 
quency multi-layered circuit component 31 and not 
every circuit element shown in FIG. 4 can be or need be 
seen therein. 

5 [0034] Referring to FIG. 5, a cavity 32 is provided in 
the bottom of the high frequency multi-layered circuit 
component 31 to contain the above-mentioned 10 24 
here. The cavity 32 is closed by a lid 33. 
[0035] Also, in the upper portion of the high fre- 

10 quency multi-layered circuit component 31 are shown 
inductors L3 and L4, and a capacitor 03, which together 
comprise HPF1 or one of the above-mentioned high- 
pass filters. The conductors providing such inductors L3 
and L4, and capacitor C3 comprise the high frequency 

15 hot-line 34. 

[0036] Also, the above-mentioned external terminal 
Vcc is provided on one of the end surfaces of the high 
frequency multi-layered circuit component 31. The 
above-mentioned power supply line 25 is conducted 

20 from the external terminal Vcc to the IC 24. The induc- 
tors LI and L2, resistor R1, and capacitors CI and C2 
inserted therebetween are mounted on the top surface 
of the high frequency multi-layered circuit component 31 
as discrete components. (Of those components, only 

25 the inductor LI and resistor R1 are shown in FIG. 5.) 
[0037] Now, the portion of the high frequency multi- 
layered circuit component 31 shown in FIG. 5 is 
described. The power supply tine 25 extends along a 
certain layer from the connecting point with the external 

30 terminal Vcc. Then, it is conducted to the top surface of 
the high frequency multi- layered circuit component 31 
through a via-hole connecting part 35. On the top sur- 
face the power supply line 25 is connected to the induc- 
tor LI and resistor R1, etc., and then it is conducted 

35 again to the inside of the high frequency multi-layered 
circuit component 31 through a via-hole connecting part 
36. It then extends along the same certain layer to be 
connected to the IC 24 through a via-hole connecting 
part 37. 

40 [0038] Also, ground layers 38, 39, and 40 are pro- 
vided within the high frequency multi-layered circuit 
component 31. Of the ground layers 38 to 40, the 
ground layer 39 Is disposed between the power supply 
line 25 and the high frequency hot-line 34 and the 

45 ground layers 39 and 40 are disposed so as to sandwich 
the power supply line 25 between them. 
[0039] Accordingly, the ground layers 39 and 40 
form capacitance with the power supply line 25 so as to 
prevent an alternating-current noise component on the 

50 power supply line 25 from interfering with the direct-cur- 
rent power supplied through the power supply line 25. 
[0040] Also, the ground layer 39 prevents undesira- 
ble interference between the power supply line 25 and 
the high frequency hot-line 34 so as to prevent any 

55 noise components flowing through the power supply 
line 25 from adversely affecting the high frequency hot- 
line 34 or the inductors L3 and L4, and capacitor C3, 
etc., even if the power supply line 25 is disposed adja- 



4 



EP 1 061 577 A2 



cent to the high frequency hot-line 34. 
[0041] While the invention has been particularly 
shown and described with reference to preferred 
embodinnents thereof, it will be understood by those 
skilled in the art that the foregoing and other changes In s 
form and details may be made therein without departing 
from the spirit of the invention. 



Claims 



A high frequency multi-layered circuit component 
(11; 11a; 31), comprising: 



a plurality of layers (12, 13, 14) laminated to 
each other; 15 
an active element mounted on one of the plu- 
rality of layers (12. 13, 14); 
at least one passive element formed within the 
plurality of layers (12, 13. 14); 
a high frequency circuit constituted by at least 20 
part of the at least one passive element; 
a power supply line (15; 25) disposed along 
one of the plurality of layers (12, 13, 14) for 
supplying direct-current power to the active ele- 
ment; 25 
high frequency hot-lines (34) included in the 
multi -layer high frequency circuit component 
and disposed along one or more of the plurality 
of layers (12, 13, 14) which are different from 
the one of the plurality of layers (12, 13, 14) 30 
along which the power supply line (15; 25) is 
disposed; and 

a first ground layer (1 6, 1 7; 38, 39, 40) forming 
capacitance with the power supply line (15; 25) 
and disposed for shielding between the power 35 
supply line (15; 25) and the high frequency hot- 
lines (34). 



2. The high frequency multi-layered circuit component 

(1 1 ; 1 1 a; 31 ) according to claim 1 . further compris- 40 
ing a second ground layer (16, 17; 38, 39, 40), 
wherein said first and second ground layers (16. 1 7; 
38, 39, 40) sandwich said power supply line (15; 
25) between them. 

45 

3. The high frequency multi-layered circuit component 
(1 1 ; 1 1 a; 31 ) according to claim 2. wherein said pair 
of ground layers (16, 17; 38, 39, 40) are disposed 
with a space between them such that the power 
supply line (15; 25) is impedance mismatched rela- 50 
five to the high frequency signals, thereby reducing 

. high frequency signals passing through the power 
supply line (15; 25). 



55 



5 



EP 1 061 577 A2 




8 




9 



THIS PAGE BUNK (Msnoy 



